line within the class Gammaproteobacteria, with less than 92.3 % similarity to their closest relatives. Based on data from the current polyphasic study, the isolates are proposed to belong to a novel species of a new genus designated Marinagarivorans algicola gen. nov., sp. nov. The type strain of the type species is Z1
T (5ATCC BAA-2617 T 5CICC 10859 T ).
Agar, an important component of the cytoderm from marine red algae, is a complex polysaccharide widely used in a variety of laboratory and industrial applications owing to its jellifying properties. Agarase produced by agarolytic bacteria can efficiently hydrolyse this refractory material. Owing to the utility of agarase in preparing high value-added agaro-oligosaccharides with many biological functions, considerable research has focused on the identification of effective enzyme sources (Chi et al., 2012) . In recent years, an increasing number of novel agarolytic bacteria have been isolated and described, including Gilvimarinus chinensis (Du et al., 2009) , Thalassomonas agariperforans (Park et al., 2011) , Simiduia areninigrae (Kim et al., 2012a) , Agaribacter marinus (Teramoto & Nishijima, 2014) , Psychrosphaera aestuarii and Psychrosphaera haliotis (Lee et al., 2014) .
In the present study, two novel agar-degrading marine bacteria, designated Z1 T and JL1, are characterized using a polyphasic approach, along with the assistance of draft genomic sequencing, to determine their taxonomic position. Based on the collective findings, the two strains are proposed to represent a novel species of a new genus within the class Gammaproteobacteria.
Strain Z1
T was isolated from the surface of marine algae Gelidium amansii (Lamouroux) collected from the coast of Rongcheng, China (378 079 17.220 N 1228 239 43.890 E) on 10th October 2012, and strain JL1 was isolated from the surface of marine algae Gracilaria verrucosa obtained from the coast of Weihai, China (378 319 59.160 N 1228 039 42.840 E) on 7th October 2010. Marine algae samples were washed three times with sterile seawater, placed into an autoclaved centrifuge tube containing moderately sterile seawater and shaken vigorously. Aliquots (0.1 ml) of the dilution were spread onto marine agar 2216 (BD Difco) and plates were subsequently incubated aerobically at 28 8C. After incubation for 48 h on marine agar 2216, colonies that formed pits or shallow craters were selected and purified by restreaking on the same medium. Strains Z1
T and JL1 were obtained in pure culture after three successive transfers to fresh marine agar 2216 and were stored at 280 8C in sterile 1 % (w/v) saline supplemented with 15 % (v/v) glycerol. T (stored in our laboratory) were used as references for comparative purposes and were cultivated under the same conditions as strains Z1
T and JL1.
For phenotypic tests, strains Z1 T and JL1 were incubated on marine agar 2216 at 28 8C for 48 h, and cell morphology and flagella were observed using transmission electron microscopy (JEM-1200; JEOL). The effects of various growth temperatures (4, 8, 15, 20, 25, 28, 30, 33, 37, 42 and 45 8C) were assessed on marine agar 2216 and results were recorded every 12 h. Salt tolerance was tested at 28 8C with modified marine ZoBell agar made with 0.5 % peptone, 0.1 % yeast extract, 0.01 % FePO 4 , (whereby seawater was replaced with artificial seawater without NaCl) and containing 0, 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 % (w/v) NaCl; colony growth was recorded every 12 h. The ingredients of artificial seawater (without NaCl) were 0.6 % MgCl 2 , 0.32 % Na 2 SO 4 , 0.18 % CaCl 2 , 0.06 % KCl, 0.02 % Na 2 CO 3 , and a trace of Na 2 SiO 3 and NaF. The effects of pH were additionally assessed by adding buffers purchased from Sangon, including MES (for pH 5.5 and 6.0), PIPES (pH 6.5 and 7.0), HEPES (pH 7.5 and 8.0), Tricine (pH 8.5) and CAPSO (pH 9.0, 9.5 and 10.0), to marine broth 2216 (BD Difco) supplemented with 0.2 % (w/v) starch (owing to poor growth without additional starch); the buffers were added at a concentration of 20 mM.
Reduction of nitrate and the oxidation-fermentation test were performed as described by Cowan & Steel (1974) , following incubation at 28 8C for 7 days. Anaerobic growth was determined after incubation on marine agar 2216 with or without 0.1 % (w/v) KNO 3 in an anaerobic chamber for 2 weeks at 28 8C. Routine tests, such as Gram staining and assessment of agarase, amylase, urease and gelatinase activities were conducted in keeping with the protocols of Smibert & Krieg (1994) . Oxidase activity was examined using a bioMérieux oxidase reagent kit according to the manufacturer's instructions. Catalase activity was detected via bubble production in 3 % (v/v) H 2 O 2 . Physiological and biochemical characteristics were determined with the API 20E and API ZYM kits (bioMér-ieux) according to the manufacturer's instructions, except that inoculum was generated by suspending cells in 2 % (w/v) NaCl solution. Acid production from carbohydrates was determined using the API 50CHB fermentation kit (bioMérieux). The salinity of the 50CHB medium was adjusted to 2 % (w/v) by addition of autoclaved 30 % (w/v) NaCl solution before inoculation, as were GEN III MicroPlates (Biolog). API 50CHB strips were read after incubation for 7 days at 28 8C. The ability to oxidize various carbon compounds was determined with GEN III MicroPlates according to the manufacturer's instructions. All tests were performed in duplicate. Susceptibility to antibiotics was assessed as follows: a cell suspension (McFarland standard 0.5) was swabbed over the surface of marine agar 2216 (no growth occurs on Iso-Sensitest agar plates or Mueller-Hinton agar) to create a uniform lawn before aseptic placement of antibiotic discs onto the agar surface. Inoculated plates were incubated at 28 8C for 2 days.
For extraction of respiratory quinones, cells grown in marine broth 2216 supplemented with 0.2 % (w/v) starch for 48 h at 28 8C were harvested and subjected to freezedrying. A silica-gel TLC plate (Merck Kieselgel 60 F254) was used to analyse the quinone type, and the content of each quinone type was subsequently analysed via HPLC, as described previously (Hiraishi et al., 1996) . For extraction of fatty acids, cells cultured in marine broth 2216 supplemented with 0.2 % (w/v) starch (120 r.p.m., 28 8C, 48 h) were harvested and subjected to freeze-drying. Analysis of extracted cellular fatty acids was performed using the Sherlock Microbial Identification System (MIS; MIDI) version 6.1 equipped with an Agilent model 6890N gas chromatograph. Peaks were automatically integrated and fatty acid names and percentages were determined using MIS standard software with the TSBA40 database. Polar lipids were extracted from 200 mg freezedried cell material and separated via two-dimensional silica gel TLC. Total lipid material was detected using molybdatophosphoric acid, and functional groups determined using spray reagents specific for defined functional groups. Complete details are provided in Tindall et al. (2007) . Polar lipids were analysed by the Identification Service of the DSMZ, Braunschweig, Germany.
In addition, analysis using matrix-assisted laser desorption/ ionization-time of flight (MALDI-TOF) MS was performed with a Microflex LT mass spectrometer (Bruker Daltonics) using the software package FlexControl (version 3.0; Bruker Daltonics) as previously reported (Xiao et al., 2012) . The intact-cell profile of strains Z1
T , JL1, Teredinibacter turnerae DSM 15152
T and Gilvimarinus chinensis QM42 T is shown in Fig. S1 (available in the online Supplementary Material).
Genomic DNA of strains Z1
T and JL1 was extracted and purified using a bacterial genomic DNA kit (Tiangen) according to the manufacturer's recommendations. The universal primers, 27f and 1492r, were used to amplify the 16S rRNA gene (Liu et al., 2014) . Purified PCR products were ligated into the pGM-T vector (Tiangen) and cloned using the manufacturer's instructions. Sequencing reactions were carried out using an ABI BigDye 3.1 Sequencing kit (Applied Biosystems) and an automated DNA sequencer (model ABI3730; Applied Biosystems). To ascertain the phylogenetic position of both novel strains, the 16S rRNA gene sequences of strains Z1
T and JL1 were submitted to the GenBank database to search for similar sequences using the BLAST algorithm and confirmed by accessing the EzTaxon-e server (http://www. ezbiocloud.net/; Kim et al., 2012b) . A phylogenetic dendrogram of strains Z1
T , JL1 and several closely related species based on 16S rRNA gene sequence similarity, was reconstructed using the neighbour-joining method and Kimura's two-parameter model analysis implemented in MEGA software version 6 (Tamura et al., 2013) on the condition that sequences were aligned using CLUSTAL X (version 1.81) (Thompson et al., 1997) and alignments corrected manually. Statistical reliability was assessed from 1000 bootstrap replicates. The ARB software package (Ludwig et al., 2004) was also used to find close phylogenetic relatives using the neighbour-joining method. The Living Tree Project database (Yarza et al., 2008) release 119 was used to complete the process. Sequences were aligned using SINA online (Pruesse et al., 2012) and improved manually. The genomic DNA G+C content of strains Z1
T and JL1 was determined from the genome sequence.
Based on 16S rRNA gene sequence similarities, strains Z1 T and JL1 were selected for draft genome sequencing. Sequencing of the genome was performed by Shanghai Personal Biotechnology, China, using the Illumina HiSeq platform. Raw sequencing data assembly was performed using Newbler (version 2.8, 20110517_1502) and Gap Closer (http://soap.genomics.org.cn/soapdenovo.html). Average nucleotide identity (ANI) between the two genomes was calculated using JSpecies (version 1.2.1) (Richter & Rosselló -Mó ra, 2009 ).
Cells of strains Z1
T and JL1 were Gram-stain-negative, principally straight to slightly curved rods, 1.8-2.8 mm in length and 0.9-1.2 mm in width (Fig. S2) . Colonies on marine agar 2216 were pale yellow, smooth, circular, low convex with entire margins and 1.0-1.3 mm in diameter after incubation for 2 days at 28 8C. Growth occurred at 10-33 8C, pH 6.5-8.5, and in the presence of 0.5-6.0 % (w/v) NaCl. Optimal growth was observed at 28-30 8C, pH 7.0-7.5, and in the presence of 2.0-3.0 % (w/v) NaCl. No growth was observed without NaCl. Strain ZI T was sensitive to norfloxacin (10 mg), chloramphenicol (30 mg), neomycin (30 mg), polymyxin B (300 mg), ampicillin (10 mg), erythromycin (15 mg), vancomycin (30 mg), rocephin (30 mg), cefotaxime (30 mg), carbenicillin (100 mg), penicillin (10 mg), clindamycin (2 mg), sulfamethoxydiazine (5 mg), acetylspiramycin (30 mg), rifampicin (5 mg), tobramycin (10 mg) and ofloxacin (5 mg), but resistant to tetracycline (30 mg) and lincomycin (2 mg). Complete morphological, physiological and biochemical data for strains Z1
T and JL1 are provided in the species description.
The complete 16S rRNA gene sequences of strains Z1 T (1534 bp) and JL1 (1534 bp) were obtained and used to determine phylogenetic placement. Comparative sequence analysis of 16S rRNA genes led to placement of strains Z1 T and JL1 in the class Gammaproteobacteria. Strains Z1
T and JL1 were grouped as members of the same genus (99.9 % sequence similarity), but the 16S rRNA gene sequence similarity with the nearest relative was below 92.29 %. 16S rRNA gene sequence analysis showed that strains Z1
T and JL1 are closely related to the genera Simiduia (91.60-92.29 % 16S rRNA gene sequence similarity), Teredinibacter (92.27 %) (Distel et al., 2002) and . Meanwhile, strains Z1
T and JL1 formed a separate branch in the 16S rRNA gene phylogenetic tree (neighbour-joining method) of the class Gammaproteobacteria, as shown in Fig. 1 . The topology was supported by the maximum-likelihood and minimumevolution algorithms (Fig. S3a, b) . The neighbour-joining phylogenetic tree generated by using ARB software is shown in Fig. S3c . The low level of 16S rRNA gene sequence similarity to all members of the class Gammaproteobacteria, along with phylogenetic data, suggested that strains Z1 T and JL1 represent a novel species and genus.
The sole respiratory quinone of strain Z1
T was Q-8. The predominant cellular fatty acids (.10.0 %) of strain Z1 T were C 18 : 1 v7c (49.10 %), C 16 : 0 (14.29 %) and summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH, 17.43 %). The predominant cellular fatty acids (.10.0 %) of T. turnerae DSM 15152 T were C 18 : 1 v6c (24.29 %), summed feature 3 (comprising iso-C 15 : 0 2-OH and/or C 16 : 1 v7c, 21.93 %) and C 16 : 0 (19.67 %). The types and proportions of predominant cellular fatty acids distinguished strain Z1
T from T. turnerae DSM 15152 T . Strain Z1
T contained phosphatidylethanolamine, phosphatidylglycerol and an aminolipid as the major polar lipids, and a phospholipid and three unknown lipids (L1-3) as minor components (Fig. S4) . The major polar lipids of the genus Gilvimarinus are diphosphatidylglycerol, phosphatidylglycerol and phosphatidylethanolamine (Cheng et al., 2015) . Based on the major polar lipid types, strain Z1
T could be distinguished from the genus Gilvimarinus. The genomic DNA G+C content of strains Z1
T and JL1 was 45.1 mol%, which is lower than that of T. turnerae DSM 15152 T (49.0-51.0 mol%) and G. chinensis QM42 T (51.9 mol%). The lower genomic DNA G+C content distinguished strains Z1 T and JL1 from other genera of the class Gammaproteobacteria. Strains Z1
T and JL1 are catalase-negative, which readily differentiated them from the genera Teredinibacter, Gilvimarinus, Simiduia, Eionea and Pseudoteredinibacter, which are catalase-positive. Strains Z1 T and JL1 differed significantly from T. turnerae DSM 15152 T in the ability to hydrolyse agar and Tween 80, and in producing acid from glycogen and starch, but not from D-xylose, N-acetylglucosamine or amygdalin. The characteristics facilitating the differentiation of strains Z1 T and JL1 from related genera of the class Gammaproteobacteria are presented in Table 1 . Detailed fatty acid compositions of strains Z1
T , JL1 and reference strains T. turnerae DSM 15152 T and G. chinensis QM42 T are listed in Table 2 .
Draft genome sequencing of strain Z1
T yielded a genome of 4 057 827 bp in length after assembly, producing 113 contigs, and the N50 value is 90 485. All contigs were larger than 477 bp, the largest being 261 418 bp. The calculated G+C mol% of strain Z1 T was 45.1 mol%. Draft genome sequencing of strain JL1 yielded a genome 4 020 832 bp in length after assembly, producing 79 contigs, and the N50 value is 116 988. All contigs were larger than 502 bp with the largest being 302 602 bp. The calculated G+C mol% of the strain JL1 was 45.1 mol%. The ANI value between strains Z1 T and JL1 was 99.3 %, which was higher than standard ANI criteria for species identity (95-96 %), confirming that the novel strains are members of the same species.
On the basis of phylogenetic, chemotaxonomic and other taxonomic data, strains Z1 T and JL1 represent a novel species of a new genus in the class Gammaproteobacteria, for which the name Marinagarivorans algicola gen. nov., sp. nov. is proposed.
Description of Marinagarivorans gen. nov.
Marinagarivorans (Ma.rin.a.ga.ri.vo9rans. L. adj. marinus of the sea, marine; N.L. neut. n. agarum agar; L. pres. part. vorans devouring; N.L. masc. n. Marinagarivorans marine agar-devouring).
Cells are Gram-stain-negative, motile, facultatively anaerobic and rod-shaped. Oxidase-positive and catalase-negative. NaCl is required for growth. The sole respiratory quinone is Q-8. The major cellular fatty acids are C 18:1 v7c, C 16:0 and summed feature 3 (C 16:1 v7c and/or iso-C 15:0 2-OH). The predominant polar lipids are phosphatidylethanolamine, phosphatidylglycerol and an aminolipid.
The type species is Marinagarivorans algicola.
Description of Marinagarivorans algicola sp. nov.
Marinagarivorans algicola [al.gi9co.la. L. n. alga -ae an alga; L. suff. -cola (from L. n. incola) an inhabitant; N.L. masc. n. algicola an inhabitant of algae].
Exhibits the following characteristics in addition to the properties given in the genus description. Cells are principally straight to slightly curved rods, 1.8-2.8 mm in length and 0.9-1.2 mm in width. Colonies on marine agar 2216 are pale yellow, smooth, circular, low convex with entire margins and 1.0-1.3 mm in diameter after incubation for 2 days at 28 uC. Growth occurs at 10-33 uC, pH 6.5-8.5, and in the presence of 0.5-6.0% (w/v) NaCl. Optimal Kim et al., 2011; Baek et al., 2015) ; 4.Simiduia (Shieh et al., 2008; Kim et al., 2012a; Park et al., 2014a, b; Tanaka et al., 2014) ; 5, Marinimicrobium (Lim et al., 2006; Yoon et al., 2009);  6, Pseudoteredinibacter (Chen et al., 2011); 7, Eionea (Urios et al., 2011; Baek et al., 2015) ;+, Positive;
2, negative; ND, data not available. ), was isolated from marine algae Gelidium amansii (Lamouroux) collected from the coastal area of Rongcheng, China. The genomic DNA G+C content of the type strain is 45.1 mol%. An additional strain of the species is JL1 isolated from the surface of marine algae Gracilaria verrucosa obtained from the coast of Weihai, China. 
